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Exciton localization in semimagnetic semiconductors probed by magnetic polarons
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Peculiarities of optical spectra in diluted magnetic semiconductors are used to find out the characteristic size
of the localized exciton state in €d,Mn,Te alloys. Three methods for evaluation of the exciton localization
radius are suggested. Two of them are based on spin-related phenomena. The localization radius is calculated
from measured magnetic-polaron energies and from the degree of the magnetic-field-induced circular polar-
ization of luminescence. The exciton localization radius is determined for a set of samples with Mn content
varying from 0.1 up to 0.4. The results of the two spin-related methods are in good agreement to each other.
Their comparison with the results of the third approach based on the exciton linewidth analysis allows the
conclusion that both the electron and hole of the exciton are localized within the same volume. This latter
method, verified by comparison with two others, is applicable also to a wider class of semiconductor com-
pounds which do not contain magnetic impuritig80163-18269)08347-3

[. INTRODUCTION II-VI compounds. Additionally, they have peculiarities re-
lated to the magnetic component. Optical manifestations of
Band-edge features of low-temperature optical spectra ithe magnetic properties of DMS are due to the strong ex-
direct-gap semiconductor compounds, and specifically irthange interaction that couples charge carriers to spins of
[I-VI solid solutions, are known to be governed by excitonsmagnetic ions. The interaction shows up most brightly if a
localized at alloy fluctuations. Localization mechanisms haveanagnetic field is applied to the crystal. The ionic spins, po-
been widely discussed during last two decateee Ref. 1 larized by the field, produce in turn effective exchange fields
and references therginThe importance of these issues for affecting carriers, whose spin states are as a result split. The
applications, such as engineering of light-emitting devices, isplitting energy reaches several tens of mgiant Zeeman
transparent. Fluctuations have an impact on carrier transporeffect.® In addition to the mean-field-induced magnetization,
as well as on oscillator strengths and line broadening othe magnetic-moment density of the ion spin system will,
light-emitting states of carriers and excitons. On the othemrccording to the fluctuation-dissipation theorem, fluctuate.
hand, the semiconductor compounds allow us to vary easilipue to the finiteness of the interaction volume, localized
the degree of disorder by varying alloy composition. Theircarriers are exposed to exchange fields of spin fluctuations
experimental studies provide a variety of possibilities foreven at zero external fiefdThese fields split the localized-
testing theoretical approaches to the quantum mechanics ekciton level to the energy of the order of a few meVand
particles in disordered media. make a great impact on the polarization of photolumines-
Information on localized exciton states in semiconductorcence in weak external magnetic fiefts.
alloys, obtained by traditional absorption and luminescence Another experimentally observed effect, related to the
spectroscopy, is rather limited. In fact, one can measure derounter influence of carriers onto the spin system, is the for-
sity of states, oscillator strengths, and lifetimes. It is oftenmation of magnetic polarons, which are small regions where
difficult to separate contributions of these parameters into thenagnetization is higher than one of the spin fluctuafidie
exciton localization. Some progress has been achieved wittxcess magnetization is induced and maintained by the ex-
time-resolved spectroscopic techniques. Now it is possible tahange field of a localized carrier. The carrier reduces its
gain some information on hopping energy relaxation,energy at the expense of the interaction with ionic spins by
dephasing, and the exciton-exciton interactioNeverthe-  the value varying from units up to tens of meV. This value is
less, new experimental information is still needed, especiallyisually referred to as the magnetic-polaron endigy It can
if it concerns the parameters of localized states which havee determined experimentally from the Stokes shift of the
not been available for direct measurements yet. In this workphotoluminescence line measured under selective excitation
we get such information, namely concerning localization ra-n the tail of localized exciton statés?
dii of exciton states, using diluted magnetic semiconductor The giant Zeeman effect shows up in a similar way for
(DMS) materials as a model. Properties of their spin systemfree carriers and excitons as well as for localized ones.
are employed for probing localized exciton states, besides allherefore, it gives no information on their localization. On
the information is extracted from the spectra of polarizedthe contrary, the splitting of carrier-spin levels by fluctuating
photoluminescence under cw optical excitation. fields and the formation of magnetic polarons are extremely
Optical spectra of diluted-magnetic semiconductors, e.g.sensitive to localization, and are not observed for free par-
Cd, _,Mn,Te, demonstrate all the basic features inherent tdicles. Therefore, these phenomena can be employed to study
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characteristics of localized states. Qualitatively, it was dem- TABLE |. Parameters of the Gd,Mn,Te alloys under study
onstrated experimentally in quaternary compoundgised for calculations. Two different values for the magnetic polaron
Cd_x_yMnMg,Te, where adding the nonmagnetic con-energyE, are given for alloys withx<0.17 (Ref. 10. The first
stituent, Mg, which gave rise to the alloy disorder leaving thevalue corresponds to the MP equilibrium energy determined in
of the magnetic polaron eneréﬁl. excitation experlm_nets. These values commde_xf]aro_.l?. Fo_rBex
Here, we report on a quantitative study of the excitont® values determined by means of E@b, (4), i.e., in the linear
localization, carried out on a representative set of2PProximation forthe magnetic susceptibility, are given.
Cd,_Mn,Te samples with various alloy compositions.
Three independent methods are suggested. Two of them ate

TO (K) Seff 0, (1/T) Ep (meV) Bex(T)

based on spin-related effects, i.e., exploit the semimagnetico.o7 3.1 1.32 4.44

properties of the studied materials. In the rest of the paper, 0.1 4.2 1.08 5.6 (1.5 0.83

we first explain the ideas of all three methods and derive theg 13 5.4 0.9 5.6 12.98.2) 1.2

basic formulas. Then the experimental technique and resultsy 15 6.0 0.8 55 1612.9 154

will be described. Finally, values of localization radii ob- g 16 6.5 0.76 4.26 1713

tained by all three methods will be compared and discussed.q 5,4 9.5 0.51 25 233 33
0.33 13 0.34 1.39 27 5.2

Il. METHODS FOR DETERMINATION OF THE EXCITON 0.38 15 0.28 1.05 30 7.4

LOCALIZATION RADIUS

. . . . ®Extrapolated value.
In this section, we discuss theoretical backgrounds for the P

suggested methods and derive the basic equations which al-
low us to extract the value of the localization radius from
experimental data. In fact, all the three methods described
below give thdocalization volumef the localized particl&/ )
defined asv=(/¥*(r)d®) !, whereV is the wave func- =EN XS, (#89un) 3
tion of the particle normalized by the common condition 3 0 kg(T+Tg)’

J¥2(r)d3=1. The localization radius is defined ag
=[(3/47)V]*3. The question to what specific component
constituting the excitorielectron or holg should the mea- . . .
sured volume be related, is of importance here. It is considf©" the spins, kg is the Boltzmann constant; the effective

ered in each of the subsequent sections and finally discuss€§iN Ser<S, and the effective temperatufle, are phenom-
in Sec. IV. enological parameters that characterize magnetic properties

of the material. The values &4 and T, are determined
from the excitonic Zeeman splitting and are well known for
Cd,_,Mn,Te alloys(see, e.g., Ref. 23Finally, we obtain
The exciton magnetic polaron is known to be formed due

. SedmnB
X~ MBgMnNOXSeffE BS( kB(T+ TO)

B=0

whereN, is the number of cation sites in the unit volume,
s=5/2 is the spin of a Mn ionBg is the Brillouin function

A. From the magnetic polaron energy

to polarization of magnetic ion spins by the exchange field of 1 BI \?

the hole(in Cd,_,Mn,Te holes have four times greater ex- (g “a0wn st1 (NpB)?

change constant than electrons, and therefore play the domi- V=—+———= Nalxseff— ———, (4)
nant role in the interaction of excitons with magnetic iohs Ep 12 ke(T+To) Ep

The carrier-induced exchange fied, is proportional to the  \yhere for Cd_,Mn,Te NoB equals 880 meV, andN®
squared modulus of the hole wave function, and thus is in_gg A3.

inverse proportion to the localization volume of the hdle, It is important to note here that the experimentally ob-
1 served magnetic polaron energy is nothing else than the shift

Bey(r) = BI- =, (1 of the lowest spin sublevel of the exciton due to giant Zee-
31489wmn 31489wmn v man effect induced by the exchange field. Having this in

where g is the constant of the exchange interaction for theMind, one can determine a value of the carrier-induced ex-
valence band)=3/2 is the hole spinug andgy,, being the ~ change field,, with the knowledge on the exciton Zeeman
Bohr magneton and thgfactor of a Mn ion, respectively. It SPlitting and the magnetic polaron energy. For the

follows from these considerations that the polaron energy i€t -xMnyTe alloys studied in this paper the valuesByf
are collected in Table | and displayed in Fig. 1 as a function
1 B3 )2 1 (1 BJ

E v B2 _( of Mn content.
P XBex 3 1g9mn 3 1e9mn

BIW (r)|>~

X Vi )X'Bex-

(2 B. From the polarization of luminescence in magnetic fields

Thus, having measured the magnetic polaron energy and the Magnetic fields applied to a DMS align the spins of mag-
magnetic susceptibility, one can easily fin&. netic ions, inducing a strong exchange field that affects car-
The susceptibility is conveniently expressed through theiers. The splitting of carrier levels in strong magnetic fields
parameters of the modified Brillouin function, that describes(at liquid-helium temperatures these are fiedds 1 T) is ob-
phenomenologically the magnetic-field dependence of theerved immediately as the giant Zeeman effect. At lower
spin system magnetization in a DMS: fields, the splitting exhibits in the occurrence of polarization
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1 1 B\?
10k Exchange field is taken from : e(m,B)= WGXF{ - ( m— —) }
O comparison of the MP energy with (2m) 2 Bo
experimental Zeeman pattern 1 1 B B2
8l @ Eq.2 (linear approximation o = —mex{ - = ( m?— 2m=-cosy+ =3 },
for Mn® magnetizati (2) 2 Bo Bo
gnetization) o
E 6 )
i 0] wherey is the angle betweel andB,
& °
m
M
4r m= '
9 V(M?)
2r o 5 _ V(M%) (d(M])/dB)-ksT
s o ® T=1.6K O d(IM[)/dB d{[M[)/dB

oo o os o3 os SN BN :
) i ) ) ) =Naqmpias~ Vv (6)
Mn content x

Deriving the expression foBy, we use the well-known re-
FIG. 1. Values of the exchange field in the exciton magneticsylt of EDT:

polarons for different Cd ,Mn, Te alloys.
d(M)

(M?y= ——= .kgT.

of the photoluminescence signal. In particular, under obser- dB

vation along the magnetic-field directigfharaday geomet . L
g 9 ¢ Y9 y C]’he circular polarization degrep.=(l,—1_)/(1.+1_),

the luminescence is circular polarized. This reflects the fa ) iy .
wherel , andl_ are intensities of the luminescence compo-

gllfietl ttr;etﬁg I\?vz\?g t/heect%?rg]? :ﬁeagigéf\?gdn}ligﬁ? tly aligned parnents polarized right hand and left hand, respectively. For a

The spin of a trapped carrier is, however, exposed, apa eavy'ho!e that has the maximum proje'ction of the spin onto
from the mean exchange field, to the exchange field of th e axis tilted 2by the angly to thezdlrectlon of _obser_vatlon,
local Mn-spin fluctuation. As it was directly shown by the 1+ (1+C0sy)”andl_c(1=cosy)". By averaging with the
experimenf~’ the splitting of the hole spin in the fluctuation distribution functione(m,B), we get
field is of the order of 2—3 meV. At helium temperatures, 5 1 Y]
this value is much greater thagT~0.1meV. For this rea- o= \ﬁ — X i
son, the spins of localized holes and electrons are completely ™ By mkgT
polarized by local exchange fields which include both theFOr a comparison with data of optical experiments it is con-
mean component induced by the external field and randomeien; a5 it was done in Sec. Il A, to express the suscepti-
fields of spin fluctuations. At these conditions, the polariza-bi”ty th;ough the parameters of the,modified Brillouin func-

tion of luminescence is governed by the average of thgion  This results in the following expression for the
exciton-spin projection onto the direction of light over all the localization volume:

localized states® To calculate the degree of circular polar-

ization, p;, one has to know the mean-squared amplitude of kg T 62 37kKET(T+To)
the spin fluctuation. This value can be expressed through the V= 5 = 512 12X S5+ 1) 6°. (7)
susceptibilityy and the localization volum¥ by use of the X (18Gmn) X Ser(

fluctuation-dissipation theoreDT). Such a treatment was
done in Ref. 8, where the voluméwas implicitly expressed  C. From dependences of the linewidths of exciton absorption
via the magnetic-polaron energy along a routine similar to and luminescence on the alloy composition

the one described in Sec. Il A, and a good agreement with The methods, suggested above for the determination of
experimental data was ach|ev3é‘dr|<_ere, we give arecipe for he characteristic volume of the exciton localization, allow
a reverse procedure, i.e., calculathn\bfrom the_ mgasured finding V for any specific sample. With the knowledge of
slope of the dependence of the circular-polarization degrefaa for a set of samples with different alloy compositions,

on external magnetic fielB, taken at weak fields: one can realize an independent method of estimating the lo-
calization volume, which does not use spin-related effects.

Let us consider the compositional dependence of the
_dpc(B) width of the long-wavelength wing of the exciton absorption
dB |5, band. This wing is known to be formed by states of excitons
localized at alloy fluctuations. As the observed line shape is

a result of averaging over a great number of states, one can

Following Ref. 8 we use a Gaussian distribution for theneglect its fluctuations related to a difference among realiza-
magnetic momenm of the region where the exciton is lo- tions of the random potential in different samples. This al-
calized: lows us, for theoretical consideration, to substitute a set of
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samples with different composition by a single sample where ., (dEg/dx)?
the composition is changed gradually. If the content of, say V=N; (1-x)2In2——. (13)
Mn in Cd;,_,Mn,Te, x increases by a small valux, the &(AEZ)

observed change of the long-wavelength wing results from

shifts of the levels of localized excitons, induced by an ad-

ditional random potentiabu(r). This potential is created by Equation(11) is immediately applied for evaluation of the
additional atoms of the second componéntour case My, volume if the broadening of the exciton line is governed
randomly distributed over the crystal with the mean concenmainly by one type of carriers—electron or hole. Under
tration Noéx. The mean value of the potential {mi(r))  these conditions, one has to substitute in 8d) composi-
=(dEg/dx)8x, wheredEg/dx is the slope of the depen- tion dependences of the conductance or valence band,
dence of the edge of the corresponding bandxoAt low  dEc/dx or dE, /dx respectively, fodEg/dx. In this case,
concentrationsg<1, additional Mn ions are governed by the V has the sense of the characteristic volume occupied by the
Poisson statistics, provided that one considers characteristigave function of either electron or hole in the localized ex-
volumes much greater than the unit-cell volume. Thereforegiton state. If, to the opposite, the radii of electron and hole

we find for the space correlation function wfr): in the exciton are nearly equal to each other, dig /dx is
comparable t@E, /dx, the best estimation can be obtained

, dEg|® _ , by substitution of dE,/dx=d(Ec—Ey)/dx instead of
(u(ryu(r )>=(W) No " (1=X)ox8(r=r"). (&  4E /dxin Eq. (1D, 7

The shift of an energy level can be calculated within the
first-order perturbation theory: Ill. EXPERIMENTALLY DETERMINED PARAMETERS

In order to check experimentally the consistency of dif-
5E:f |®(r)|?ou(r)d®r, (9 ferent approaches suggested above, we investigated the pho-
) _ ) ) toluminescencé&PL) characteristics of Cd ,Mn,Te epilay-
whereW (r) is the wave function of the localized particle. It ers grown by molecular-beam epitaxy d@00)-oriented
is easy to find that the mean shift of the energy, which equalg:qTe substrates. Mn content was varied from 0.07 up to

2
25u(r)d3r) >

0.38. All experiments were performed with samples im-
<5E>:f |W(r)|?(Su(r))d®r = (dEg/dx) X, mersed in the pumped liquid helium at a temperature of 1.6
K. External magnetic fields generated by a superconducting
is just the change dEg due to the increase of This value  coil were applied perpendicular to the epilayer surféice,
is the same for all the states, and therefore does not lead tola the Faraday geometryThe photoluminescence was ex-
change of the linewidth. The line broadening occurs as #ited by an Ar-ion laser with the photon energy of 2.41 eV.
result of dispersion of the number of atoms coming into theA quarter-wave plate and linear analyzer were used to dis-
localization region of the particle. Combining Eq8) and  tinguish right-hand and left-hand polarized luminescence
(9), one obtains for the mean-squared energy shift: signals. Energies of exciton magnetic polatttP) were de-
termined by means of the selective excitation method de-
o scribed in detalil in Ref. 10. In this case a dye lagymridyne,
(0e%)= J ¥ () DCM Rodaming was used for a PL excitation.
5 It is seen from Eq.2) that the MP energy is linearly
:<ﬁ) N—l(l_x)gxf W |3 proportional to the magnetic susceptibilijy and the ex-
dx 0 change fielB,,. As y is a decreasing function offor the
5 rangex=0.15—0.4' the increasing values of the MP energy
v (NOV)l(l—X)<ﬁ> ) (10) (see Table)lshould be related to th®,, behavior, namely to
dx the increase oB,, for higherx. Characteristic values of the
Equation(10) gives an effective “inhomogeneous broaden- exchange f'elds can be evaluated by means of(Eq.They
ing” of each localized-exciton line. To calculate the result- are pIOt,t?d in F'Q- 1 ff’r Cd Mn,Te alloys of d|fferent
ing change of the whole spectrum, one has to know its Shapg_omposn_lons.Bex is varied fran 1 T up to 7 Tmonotoni-
As it is shown in the next section, for €d,Mn, Te at ener- cally, while the manganese content increases from 0.1 up to
gies not too far below the free-exciton level, the Gaussiarp-38- FOr @ comparison, values B, obtained by use of
approximation to the shape of the long-wavelength wing isex_perlmentally measured Zeem_an patterns are also shown. In
quite reasonable. By use of EQ.0), one can find the incre- this cgse,Bex has been determl_ned as the field that would
ment of its variance resulting from the change of composiave induced the Zeeman splitting equal to the doubled MP
tion: energy[see discussion of Eq§l)—(4)]. Good agreement of
these data with values obtained within the linear approxima-
dEg)? tion for the magnetization, used in Eq4) and (2), proves
W) the validity of the approximation throughout our set of

8(0?)=(8e?)= 6x(NgV) "1(1—x)

samples. Note that the linear approximation is implied also
From this equation it is easy to derive an expression for thén the calculations of the polarization degrgec. |1 B).

volume in terms of the experimentally measured half- PL excitation(PLE) spectra were measured under dye la-

maximum width of the long-wavelength wing of the absorp-ser excitation. From the PLE spectra the parameters of the
tion line, AE(X): giant Zeeman splitting of the excitonic stat€g and Sy
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excitation spectrum reflects the density of states for the in-
501 & terband optical transitions. It has a pronounced maximum,
/ which corresponds to the energy of a free exciton. The low-
o] /é energy wing of the excitonic line is formed by the excitonic
40 + 0 states localized at alloy fluctuations. It can be well approxi-
mated by a Gauss function shown by a dashed line. The
high-energy wing of the PLE excitonic line has a consider-
able additional contribution due to band-to-band absorption
(note that an exciton binding energy of 10 meV is smaller
than the discussed linewidthavhich causes the asymmetry
" PLE of the line. We determine the FWHM of excitonic line from
§ e the Gauss fit of the low-energy wing of PLE spectra. For the
whole set of the studied semiconductor alloys linewidths of
10 F / 1 I . the PLE and PL lines give very similar values. Excitonic
Qe Th TRz TH THe linewidths of PL and PLE spectra are plotted in Fig. 2 as
[, Energy (V) functions of Mn content. Experimental points can be satis-
R factory described by a linear dependence FWHM
61 02 03 04 05 =124x[meV]. Keeping in mind that PLE spectra reflect ab-
Mn content x sorption spectra and that a FWHM is equal to twit&
FIG. 2. The full width at a half maximum of the excitonic line in |n_tr0duced_ in Sec. I C, we find thalE~62x[m_e\/]. We
the PL (open symbols and PLE (closed symbols spectra of will use this dependence below for the evaluation of the ex-

Cd,_,Mn,Te alloys. The dashed line is a linear interpolation of the €It localization radius from Eq11).
experimental data. The inset shows PL and PLE spectra for a 1he magnetic-field-induced polarization degrpg(B)
Cdy gMng 1Te measured at 1.6 K. presented in the inset of Fig. 3 for a &@Mng4Te alloy
shows a linear increase at low fields with saturation at the
were determined. These parameters for the studied sampligyvel of about 1.Qi.e., 100% polarization A linear slope of
are listed in Table I. pc(B) at low fields #=dp./dB|z_g is determined by the
The linewidth [i.e., the full width at a half maximum magnetic susceptibility, which decreases strongly for higher
(FWHM)] of excitonic photoluminescence and PLE, theMn concentrations® The respective decrease (ix) depen-
magnetic-field-induced polarization degregB) and ener- dence for largex is clearly observable in Fig. 3.
gies of exciton magnetic polarons were measured for each Energies of exciton magnetic polarons inCgVin,Te
sample. These experimental parameters are presented aloys have been reported in Ref. {€ee Fig. 7 in this ref-
Figs. 2 and 3 and collected in Table I. erencé. They were measured by the method of selective ex-
An inset of Fig. 2 depicts typical PL and PLE spectra for citation. Localized excitons were excited resonantly at ener-
a Cd gdMn, 1=Te epilayer, which are dominated by recombi- gies below the exciton mobility edge. Under these
nation of excitons localized at alloy fluctuations. The PLexperimental conditions only the magnetic relaxation via the
magnetic polaron formation contributes to the Stokes shift of
the PL line away from the excitation energy. The value of
6L x=024 + this Stokes shift can be associated with the magnetic polaron
® 04 B=01T - energyE, introduced by Eq(2). For the experiments per-
formed under steady-state excitation conditions, the Stokes
shift coincides with the equilibrium polaron energy only
o P r if the exciton lifetimer is longer than the magnetic polaron
formation timer¢, i.e., 7¢/7<1.2 It has been established in
. (B) 1‘92|5ne:§9y4 (e\}f’e Ref. 10 that for C¢l_,Mn,Te alloys this situation is realized
L6 for x=0.17. For alloys withx<<0.17,E, can be determined
L e ° from the saturation level of the polaron shift in time-resolved
08r o* L experiments. In the following, in order to estimate the hole
- 0.6 localization volume along Ed4), we will take time-resolved
04 data for x<<0.17 and steady-state data fee=0.17. For
 oofe =024 o Cdy gMng 1Te, where the saturation level was not established
OOP T ® in the time-resolved experiment, we use an extrapolated
"00 02 04 06B(T) value forg, of 10 meV. The values of the magnetic polaron

0 : L : L : L . L energies for the studied samples are included in Table I.
0.0 0.1 0.2 0.3 04

Mn content x

FWHM (meV)
o™

20 + /O

PL Intensity

G

PL Intensity

i
T

Slope of p(B), 6 (1/T)
N

IV. COMPARISON OF DIFFERENT METHODS
FIG. 3. The slope of the magnetic-field-induced polarization de- AND DISCUSSION
gree of PL as a function of Mn content in CdMn,Te alloys.
Examples of the polarized PL spectra gndB) dependence for a Composition dependences of the exciton localization ra-
Cdy 7dMing »4Te alloy are shown in the upper and lower insets, re-dius, determined with different methods, are shown in Fig. 4.
spectively, T=1.6 K. The dependences of on x, determined from thex depen-
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_eof r_is taken from: (corresponding ta,>r,) give the value of the electron ra-

< @ polaron energy dius, close to one of the hole, thus being in contradiction to

© o O polarization the starting premise.

@ 40| © - == linewidth, r.>>r, Good coincidence of all methods for the cage-r, is not

s | L Seg LT linewidth, r,<<r, very surprising for Cg_,Mn,Te. In the studied materials 2/3

’é T of the band offset is allotted to the conduction band, but, on

2 a0l the other hand, the electron effective mass is considerably

S e T o---3 smaller than one of the heavy hole. As a result, a greater

8 T amplitude of the localizing random potential for the electron
N comparative to the hole is compensated by a stronger depen-
0.0 0.1 02 03 04 dence of the electron kinetic energy on the localization ra-

Mn content x dius. This conclusion is also in line with the results of Ref.

FIG. 4. Comparison of values of the localization radius in 16, where magnetic polaron energy was studied as a function
Cd,_ Mn,Te alloys, determined by different methods suggested irPf the hole effective mass under anisotropic strain. It was
this paper: closed circles are from the MP enef§gc. Il A, Eq.  shown that extreme cases of predominant contributions of
(4)]; open circles are from the polarization of PSec. 1B, Eq.  either electron or hole in the exciton localization do not pro-
(7)]; lines are from linewidthgSec. IIC, Eq.(11)] for different  vide a good fit to the experimental data.
relative values of , andr.. In conclusion, by use of peculiar properties of diluted

magnetic semiconductors, we have attempted an investiga-
dence of line widths, are shown by lines for three charactertion of the exciton localization in Gd ,Mn,Te alloys. The
istic cases of the exciton localizatiofi) ry>r, (dEg/dx data on Iocali_zation radii, obtained by three independent
=dEc/dx), (i) rp<r, (dEg/dx=dE,/dx), and (iii) ry methoo_ls., are in good agreement to each other..Th|s proves
~re (dEg/dx=dE,/dX). It is important to note here that tne validity of the starting assumptions. A tentative conclu-
the methods involving spin-related effects give values of theSion can 'be made' that localization radii of the elelctro'n and
localization radius of the hole, due to the greater value of théhe hole in an exciton are close to each other, which is rea-
exchange constant in the valence band of G¥in, Te. sonable for semlcondnctor alloys _W|t_h cation snbst|tut|on.

It is seen from Fig. 4 that these methods give dependenc@e method to .dete_rmme the localization radu. using the de—
rn(x) which are in a good agreement to each other. A COmpendenc.:es ef linewidths on the_alloy composition, which is
parison of these results with values obtained from the lineVerified in this work by a comparison with spin-related meth-
width analysis allows to conclude about the relation betwee?ds, is applicable also to non-magnetic materials.
localization radii of the electron and the hole in the exciton.
Actually, ro(x) calculated assuming,~r . proves to be in a
very good agreement with the results of spin-related meth-
ods. To the contrary, the assumption that the linewidth is The authors are thankful to A. A. Klochikhin and A. N.
governed by the hole, which implies the relatiop<r,, Reznitskii for helpful discussions. This work was supported
leads to obvious contradiction with the results of spin-relatedby the Deutsche Forschungsgemeinschaft through SFB 410,
methods, since it gives too small valuesrgf Calculations by the Volkswagen Foundation, and by the Russian Founda-
for the case of the predominant contribution of the electrortion for Basic Research Grant No. 96-02-16941.
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